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Background

This document covers IIASA highlights during the first five years 
implementing the strategy laid out in Research for a Changing World: 
IIASA Strategic Plan 2011–2020.

The progress made over the last five years would have not been 
possible without the invaluable contributions of current IIASA staff, alumni, 
and collaborators. In addition, the tireless efforts of our previous directors, 
council chairs, and council members past and present cannot be overestimated.

Research for a Changing World: IIASA Highlights 2011–2015 was approved 
by the IIASA Council in November 2015.
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Executive Summary

Today’s world is undergoing major transformations, characterized by increased 
globalization, fundamental shifts in economic and political power, environmental 
challenges, and unpredictable social conflict. Over the past five years IIASA has built 
on its excellence in applied systems analytical research, nurtured strong collaborations 
with policymakers around the world, and invested extensively in capacity development. 
This progress, along with rigorous international, interdisciplinary, and independent research, 
has enabled the institute to provide sound advice to policymakers, helping to support the 
global transformations needed to achieve a truly sustainable future.

Research scope, quality, impact
In 2011 IIASA began developing a more focused research agenda, centering its studies on three 
interconnected global problem areas: Energy & Climate Change, Food & Water, and Poverty & Equity. 
To complement these foci, drivers of global transformations, methods of systems analysis, and 
policy and governance were also examined by in‑house research.

During the past five years, IIASA research has become increasingly focused on the interlinkages 
between the three global problem areas. This is not surprising, as systems analysis is one 
of the few research methods that has the breadth and depth to uncover the synergies and 
trade‑offs arising from our increasingly interconnected and complex world. This strategic 
direction is increasing collaboration and integration across disciplines, which have been 
facilitated through new cross‑cutting projects and futures initiatives.

Research and policy impacts in 2011–2015 have been numerous, both in terms of scientific 
advances and of shaping national and international policies. IIASA produces an Annual Report 
and Scientific Update every year. This current report is a synthesis of key outcomes over the 
last five years. Highlights include:

 z The first ever fully integrated Global Energy Assessment, which provided the scientific 
basis and key objectives for the UN Secretary‑General’s Sustainable Energy For All initiative.

 z A new set of world population projections that for the first time systematically and 
quantitatively address the role of human capital and demonstrate the critical part that 
education plays in development.

 z The latest scientific analysis on how to reduce air pollution in Europe, which has shaped 
European Commission policies and the Convention on Long‑range Transboundary Air Pollution.
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http://www.iiasa.ac.at/annual-report
http://www.iiasa.ac.at/web/home/resources/publications/ProgressReports.en.html
http://www.iiasa.ac.at/web/home/research/Flagship-Projects/Global-Energy-Assessment/Home-GEA.en.html
http://www.iiasa.ac.at/web/home/research/researchPrograms/WorldPopulation/Projections_2014.html
http://www.iiasa.ac.at/web/home/about/achievments/scientificachievementsandpolicyimpact/gains.html
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Research progress over the last five years has been substantial. Output has risen steadily, 
with the number of journal articles and citations nearly doubling since 2010 (see chart, p. 9).

A truly international institute, in 2015 IIASA employed over 300 staff members from 49 countries, 
forming the core of the institute’s global research network, which is made up of around 2,500 scholars 
and nearly 600 partner institutions in over 65 countries. IIASA has also become more successful in 
winning external funding: particularly notable are the seven highly competitive grants from the 
European Research Council for frontier research.

From 2010 to 2014 the institute’s operational budget increased from €15.2 to €19.4 million, with 
56% coming from the 23 IIASA National Member Organizations—prestigious research funding agencies 
in Africa, the Americas, Asia, Europe, and Oceania. Additional IIASA funding from contracts and grants 
amounted to €69 million between 2006 and 2014. This was part of a €329 million funding portfolio of 
external projects in which IIASA, in collaboration with its member countries, was and is involved.

Leadership in systems analysis
The core strength of IIASA lies in its leadership in systems analysis. The 2011–2020 strategic plan 
stressed the importance of maintaining the institute’s cutting edge in the methods of systems analysis, 
including integrated assessment modeling, scenario development, complex dynamic systems modeling 
and optimization, game theory, and risk analysis, among others. Achievements since 2011 range 
from IIASA playing a leadership role in the development of new climate scenarios for the 
Intergovernmental Panel on Climate Change Fifth Assessment Report, to launching a series of 
projects to develop new, innovative system‑analytical methods, to advancing the methods 
of optimization and network science, among others.

Achieving a higher visibility was also a main goal of the 2011–2020 strategic plan, as this helps 
facilitate much of the institute’s work from building new research partnerships, to attracting 
doctoral students to capacity development programs. The success of this endeavor is reflected 
in an increase in press coverage, social media followers, and newsletter subscribers.

Furthermore, events have been held to facilitate the infusion of new ideas from 
complementary fields and further improve the tools of systems analysis. Most notable 
is the series of biennial systems analysis conferences at IIASA, started in November 2015, 
which brings together researchers from around the world to discuss the current state and 
future directions of systems analysis.
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http://www.iiasa.ac.at/web/home/research/ResearchPartners/EuropeanResearchCouncil/European-Research-Council1.en.html
http://www.iiasa.ac.at/nmos
http://www.iiasa.ac.at/web/home/about/leadership/strategicplan/Strategic-Plan.en.html
http://www.iiasa.ac.at/web/home/research/modelsData/RCPDatabase/RCP.en.html
http://sa2015.iiasa.ac.at


Value of IIASA membership
A key mission at IIASA is to understand and scientifically support global transitions 
by using systems approaches across a broad range of sectors from energy to 
financial systems. To understand these transitions at a global scale, IIASA needs 
to understand the dynamics of change in all major economic, environmental, 
and geopolitical regions of the world and the key representative countries 
in those regions. This guides the IIASA membership strategy.

IIASA membership forms the backbone of the institute. IIASA research 
and science‑to‑policy work provide clear benefits to all members (p. 35), 
and IIASA in turn benefits from close collaborations with its member countries. 
Since 2011 IIASA has welcomed seven new member countries—Australia, 
Brazil, Indonesia, Malaysia, Mexico, the UK, and Vietnam—and countries in 
some of the regions where IIASA is underrepresented have expressed interest. 

In recent years IIASA has invested heavily in expanding collaborations 
and better articulating benefits packages for its member countries 
at global, national, and regional scales. Progress in this area 
is documented in IIASA Info Sheets published since 2014 
detailing collaborations and links with each member country.

In total, IIASA has almost 600 research partners spanning 
all member countries. International research partnerships 
underpin much of the value that IIASA provides to its members 
and have been shown to make significant contributions to increasing 
a country’s research productivity. Such partnerships also help to 
build knowledge‑based societies that play crucial roles in generating 
economic growth while improving human and social wellbeing and 
protecting the environment. For example, a 2011 study of UK researchers 
found that those who spent at least two years abroad and returned were 
66% more productive than the average. 
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The 23 current IIASA member countries are highlighted in blue.

http://www.iiasa.ac.at/infosheets
https://www.elsevier.com/research-intelligence/resource-library/international-comparative-performance-of-the-uk-research-base-2011


Capacity development
Capacity development at IIASA strengthens knowledge, skills, and abilities in 
systems analysis. In the past five years the institute’s Young Scientists Summer Program 
(YSSP) developed the research skills of 254 young scientists from over 25 countries 
and attracted an increasing number of applicants—1,454 in 2011–2015 compared 
to 1,097 in 2006–2010. Over 80 doctoral students from 30 countries took part in 
the three sessions of the Southern African YSSP, the institute’s first regional 
capacity development program. IIASA also expanded its Postdoctoral Program 
with 11 postdocs employed by IIASA in 2015 compared to only 5 in 2010.

Numerous training workshops for scientists and policymakers have taken place 
each year, ranging from a workshop on the IIASA Greenhouse Gas and Air Pollution 
Interactions and Synergies (GAINS) model in China in 2011, to a workshop on 
Reducing Emissions from Deforestation and Forest Degradation (REDD+) in Indonesia 
in 2014. But perhaps the most effective form of capacity development occurs as a 
result of IIASA scholars’ involvement in over a hundred different research projects. 
For instance, the collaborative research project between IIASA and the 
Institute of Rural Management Anand in India is analyzing how to improve 
land, soil, and water management to improve rural livelihoods but at the 
same time it is developing capacity among all research participants to 
develop integrated decision support systems.

Networking and partnerships
In 2012 the conference Worlds within Reach—From Science to Policy 
was held at IIASA, marking the institute’s 40th anniversary. Designed to 
stimulate a lively debate on science and policy across a wide spectrum of 
disciplines and cross‑cutting issues, it was attended by almost 800 delegates 
from around the world.

Two of the key issues discussed at the conference were the need to focus 
on nexus areas (i.e. areas between multiple disciplines or issues that can only 
be effectively investigated using a holistic systems approach) and to develop 
new partnerships to support global transformations. Following those 
discussions and recognizing the importance of integrating different approaches, 
IIASA and partners launched The World in 2050 and Integrated Solutions 
for Water, Energy, and Land, along with a number of cross‑cutting projects.
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http://www.iiasa.ac.at/yssp
http://www.iiasa.ac.at/sa-yssp
http://www.iiasa.ac.at/postdocs
http://www.iiasa.ac.at/web/home/research/researchPrograms/water/research-cluster-india.html
http://www.iiasa.ac.at/conference2012


The World in 2050 aims to address sustainable development challenges 
arising from the Sustainable Development Goals (SDGs) adopted by the 
UN General Assembly in September 2015. The partnership for this project—
which includes IIASA, the Stockholm Resilience Center at Stockholm University, 
The Earth Institute at Columbia University, and the Sustainable Development 
Solutions Network—will bring together policy thinkers and international 
modeling teams to collaborate on policy development and along the 
whole chain of policy implementation.

Integrated Solutions for Water, Energy, and Land—a joint initiative 
between IIASA, the Global Environment Facility, and the United Nations 
Industrial Development Organization—also seeks to ensure the success of 
the SDGs. The project aims to identify integrated solutions to energy, water, 
food, and ecosystem security in the most vulnerable regions of the world.

In response to calls for the need for new partnerships, in 2013 IIASA and 
the European Forum Alpbach founded the Alpbach–Laxenburg Group, 
which brings together the world’s best minds from science, business, 
government, civil society, and the arts. Together they strive to support 
global transformations toward sustainability by creating positive narratives 
for sustainable development grounded in cutting‑edge systems science.

 z The IIASA network includes some 2,500 collaborating scholars from 
over 65 countries and 3,875 alumni encompassing 90 nationalities.

 z In 2015 333 researchers from 49 countries worked at IIASA, 
compared to 209 in 2010.

 z Since 2011 IIASA has welcomed 7 new member countries.

 z IIASA was a partner in 160 externally funded projects in 2015 
and has 600 partner institutions in more than 75 countries.

 z IIASA researchers have been awarded 7 prestigious 
European Research Council grants.

 z IIASA had 1,815 visitors and collaborators in 2015.

 z IIASA featured in the media over 3,000 times in 2015, 
compared to 1,300 in 2010.

 z Engaging via social media, IIASA now has over 2,000 twitter followers, 
2,000 Facebook fans, and 3,000 subscribers to its monthly e-newsletter.

 z Since 2010 there has been a 74% increase in the number of journal articles 
published by IIASA researchers and a 146% increase in the number of 
citations (see chart, right).

 z In total 1,819 young scientists have participated in the 
IIASA Young Scientists Summer Program.

 z IIASA researchers now serve on over 112 advisory boards 
and steering committees, compared to just 60 in 2010.
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http://www.iiasa.ac.at/web/home/research/researchProjects/TWI2050.html
http://www.iiasa.ac.at/web/home/research/researchProjects/Nexus_Solutions.html
http://www.iiasa.ac.at/alg


The next five years
It is becoming increasingly challenging to identify smart and sustainable 
pathways to meet our collective needs while respecting planetary boundaries. 
The growing interdependencies between nations and economies, for instance, 
are making issues ever more complex. This report presents a selection of 
IIASA achievements over the past five years and demonstrates how these 
advances have helped position the institute to meet these greater challenges. 
Furthermore, it shows how valuable a systems approach can be in charting 
a course toward a sustainable future for all.

In 2015 IIASA embarked on a new 2016–2020 research plan, developed in 
extensive consultation with the institute’s academic and science‑to‑policy 
stakeholders. Integrated systems approaches will form the main thrust of 
research in the coming years.

IIASA research output in numbers

Year
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Selected IIASA Achievements 2011–2015

2011
 z IIASA co‑develops and hosts the Representative Concentration Pathways database, 

equipping the climate change research community with common greenhouse gas emissions data. 
It is a key dataset for the Intergovernmental Panel on Climate Change (p. 21).

 z IIASA works with the International Council for the Exploration of the Sea to develop 
a framework that provides the building blocks fishery managers need to conduct 
evolutionary impact assessments (p. 25).

2012
 z IIASA publishes the Global Energy Assessment, the first‑ever fully integrated assessment 

of its kind (see figure below ) that goes on to provide the scientific basis and key objectives 
for the UN Secretary‑General’s Sustainable Energy For All initiative (p. 22).

 z IIASA and partners identify 14 measures to reduce short‑lived climate forcers, providing 
scientific evidence for the Climate and Clean Air Coalition that today includes nearly 
100 countries and non‑state partners (p. 23).

 z IIASA, the Potsdam Institute for Climate Impact Research, and others launch the 
Inter‑Sectoral Impact Model Intercomparison Project to bring together climate impact 
modeling groups, allowing them to compare their work and results (p. 18).

 z IIASA establishes the REDD Policy Assessment Center, which goes on to become 
an important global forum for sharing data on forests and deforestation drivers, 
and developing reference methods and best practices for land‑use planning (p. 19).

 z IIASA creates the Energy Technology Innovation Systems framework, which integrates 
innovation drivers and policies across all stages of technology development and all 
elements of energy systems. The framework goes on to reveal important insights into 
how to stimulate innovation in the energy sector (p. 16).

 z IIASA begins work to develop new ways of understanding population aging, including a 
new way to quantify age in terms of the number of years a person has left to live (p. 17).

 z The IIASA 40th Anniversary Conference examines the challenges facing humanity 
on the road to sustainability (p. 7).

AN INTEGRATED APPROACH 
CAN SAVE TRILLIONS

This figure depicts potential 
cost savings from adopting 

policies that tackle climate change, 
air pollution, and energy security 

simultaneously. Research shows that 
addressing all three challenges in an 

integrated framework could save 
more than US$5 trillion by 2030. 

Source McCollum D, Krey V, 
Riahi K, et al. Nature Climate Change 

119(2):479–494 (2013).  
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2013
 z IIASA brings together 40 leading institutions to launch the Water Futures and Solutions 

initiative to identify options for improving water security that work consistently 
across scales and sectors (p. 18).

 z The European Commission introduces a new clean air policy package to reduce 
pollution, based on scenarios developed using the IIASA GAINS model. The new 
policies are projected to avoid 58,000 premature deaths, save 123,000 km2 of 
land from nitrogen pollution, and protect 19,000 km2 of forest from acidification 
by 2030 (p. 23).

 z IIASA and partners launch a revamped Geo‑Wiki to harness the power of 
citizen science to collect and verify land‑cover data, thereby dramatically improving 
the quality of the data (p. 24).

 z IIASA conducts the most comprehensive assessment to date of global livestock 
production and its role in land use and contribution to climate change (p. 24).

 z IIASA, private sector representatives, and policymakers establish the Zurich Flood 
Resilience Alliance to strengthen the resilience of communities against floods (p. 27).

 z Analysis from the IIASA Catastrophe Simulation (CATSIM) model (see map below ) 
informs the rationale for the Loss and Damage Mechanism of the UN Framework 
Convention on Climate Change (p. 27).

 z IIASA develops more sophisticated methods of optimization for economic models 
and brings this together with other models that integrate resource and environmental 
constraints in a new book, Green Growth and Sustainable Development (p. 15).

 z IIASA and the European Forum Alpbach launch the Alpbach–Laxenburg Group, 
bringing together leading minds from academia, government, business, civil society, 
and the arts to address the challenges facing humanity (p. 8).

THE IIASA CATSIM MODEL
Global map exhibiting 
fiscal vulnerability in terms 
of critical return period event 
that leads to fiscal stress. 
Source Hochrainer-Stigler, et al. 
Global Environmental Change 
25:87–96 (2014).

Return period leading to resource gap 
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2014
 z The Intergovernmental Panel on Climate Change publishes its Fifth Assessment Report, 

the most authoritative source of information on climate change to date. Twenty‑one 
IIASA researchers and council members are lead authors or contributors (p. 22).

 z The European Commission agrees a proposal for new climate and energy targets for 2030, 
including a reduction of EU greenhouse gas emissions by 40% below the 1990 level. 
Negotiations leading to the compromise are informed by GAINS model results on the 
benefits and costs of various climate policies (p. 23).

 z IIASA launches the latest version of its Global Agro‑ecological Zones (GAEZ) model system, 
which is used by the Food and Agriculture Organization of the UN to help shape countries’ 
land‑use policies (p. 25).

 z IIASA publishes the first population projections that include level of educational attainment 
for all countries of the world. The projections are based on the broadest synthesis of expert 
knowledge on drivers of fertility, mortality, migration, and education in all parts of the world (p. 16).

 z IIASA research into how to reduce systemic risk in the financial sector (see figure below ) 
identifies policies that would encourage banks to self‑organize, thereby re‑structuring the 
financial network and reducing risk (p. 15).

 z A IIASA study shows how expanding access to household electricity services in India 
accounts for only a small portion of total emissions growth, shedding light on an ongoing 
debate on potential conflicts between climate and development (p. 26).

 z IIASA develops a stochastic version of its Global Biosphere Management (GLOBIOM) 
model to take into account uncertainties and shocks as it analyzes competition for land 
between agriculture, bioenergy, and forestry systems (p. 14).

 z Ongoing development of new methods to explore the equitable governance of 
common goods results in the first study to examine the optimal institutional strategy 
to induce cooperation when both rewarding and punishing are possible (p. 15).

 z IIASA receives its seventh prestigious European Research Council (ERC) grant 
to investigate the energy needs and related climate change impacts for 
providing decent living standards to all. Funding awarded to IIASA from 
the ERC in the past five years amounts to €9 million (p. 5).

MULTI-LAYER NETWORKS 
Banking systems are linked 

through multiple types of 
interactions, or layers. This 

figure shows the multi-layer 
network of the banking system 

of Mexico on 30 September 2013. 
Source Poledna S, et al. 

Journal of Financial Stability 
20:70–81 (2015).
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2015
 z IIASA extends the database of Shared Socioeconomic Pathways (SSPs) 

that it hosts for the Intergovernmental Panel on Climate Change. The SSPs 
provide data on five alternative future worlds that vary with respect to 
social and economic mitigation and adaptation challenges (p. 17).

 z By 2015 1,819 young scientists have developed their interdisciplinary 
research skills by taking part in the Young Scientists Summer Program. 
Following this success, IIASA launches the SA‑YSSP, its first regional 
Young Scientists Summer Program with partners in South Africa. 
A total of 87 doctoral students have participated to date (p. 28).

 z Following a successful campaign raising one million dollars, 
a new postdoctoral fellowship is established in honor of 
former IIASA Director Peter E. de Jánosi (p. 29).

 z IIASA and partners launch two new projects—The World in 2050 
and Integrated Solutions for Water, Energy, and Land—to analyze 
the interconnected issues of sustainable development and identify 
integrated solutions (p. 7).

 z IIASA hosts the first in a series of biennial international conferences 
to explore the current and future directions of systems analysis (p. 5).

 z The Sustainable Development Goals (see chart below ) are formally 
adopted in New York, with IIASA science underpinning goals on tackling 
climate change and ensuring access to sustainable energy for all (p. 23).

 z The Paris COP21 talks yield an international agreement pledging to 
keep global warming well below 2°C and endeavoring to limit it to 1.5°C. 
IIASA science contributes substantially to talks leading up to the agreement, 
providing the only study to have investigated a 1.5°C target. IIASA research 
into the costs of supporting vulnerable countries and the options for 
setting up a global fund to absorb different levels of risk also aid the 
discussions, leading to the inclusion of an article dealing with the 
losses and damage caused by global warming.
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Leading in Systems Analysis: Theory to Impact

A pioneer of systems analysis, IIASA remains a world leader in this field. The methods practiced 
at the institute have been applied in the real world to great effect. Its integrated approach allows 
investigation into the nexus of global challenges, enabling synergies and trade‑offs among potential 
solutions. It offers our best chance of overcoming the substantial barriers to sustainability, now and 
for future generations.

In 2011 IIASA established an Advanced Systems Analysis Program, focusing on ground‑breaking 
mathematical modeling techniques. World‑class researchers have been recruited and retained, 
specializing in areas such as complexity theory, dynamical systems, optimization, game theory, 
agent‑based modeling, and artificial intelligence. Further, an Advanced Systems Analysis Forum 
has been set up to infuse new ideas across the institute and complement existing programs.

To further enhance systems analysis at IIASA and other research institutions, IIASA hosted 
Systems Analysis 2015, an international conference bringing together leading researchers to discuss 
the current state and future directions of the field. The institute will build on this success by hosting 
the event every two years, continuing to stimulate innovations in systems analysis worldwide.

Providing robust policy advice
Policy decisions must be made in the face of uncertainty. Ensuring that uncertainties are 
accounted for and that decisions will be robust under any circumstances is a key challenge.

Interdependencies among land‑use systems agriculture, bioenergy, and forestry make up a complex 
network connected through supply and demand channels. This network is subject to “systemic risks,” 
where disruption of one component—an epidemic among livestock, for example—could set in motion 
a cascade of failures. Such risks affect food, energy, water, and environmental security worldwide.

The IIASA Global Biosphere Management (GLOBIOM) model analyzes competition between these 
land‑use systems and provides vital policy advice for governments worldwide. Previously, this model 
was solely deterministic, meaning it was dependent on, for example, an average estimate of wheat yield. 
However, wheat yields vary, sometimes wildly, between years. If a drought led to reduced yields, 
would the model’s advice still be optimal?

In 2014 IIASA researchers developed stochastic GLOBIOM, which allows the model to account 
for uncertainties and shocks to the system. The possible variations in weather, wheat yields, 
consumer demand, and other factors can all be incorporated.

Stochastic GLOBIOM derives robust solutions, providing the best outcomes regardless of shocks 
to the system. The model shows, for example, that the preparedness of a country to buy food from 
elsewhere while investing in better food storage facilities can buffer the system against consumption 
and production risks, stabilize trade, and fulfill security requirements at lower costs.
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Reducing the risk of financial crisis
The financial crisis of 2008 began with a single event: Lehman Brothers collapsed. What made it a 
global crisis, however, was that other institutions with financial links to the company also started to 
get into trouble; there was a cascade of failures across the whole system. To reduce this “systemic risk” 
and prevent a repeat crisis, IIASA researchers have designed a regulatory framework that would 
ensure greater resilience.

IIASA researchers participated in the Complexity Research Initiative for Systemic Instabilities (CRISIS), 
a collaboration of research bodies, private firms, and policymakers which seeks to deepen understanding 
of the economic and financial system. IIASA researchers have been helping to develop agent‑based 
modeling techniques to simulate the actions and interactions of autonomous agents—banks, firms, 
households—interlinked by loans, wages, deposits, dividends, and consumption. In this way the 
effects of their actions on a system as a whole can be assessed.

In 2013 IIASA researchers introduced the metric DebtRank into CRISIS to measure the contribution 
of a particular node in the financial system (a bank, for example) to the overall systemic risk. 
They showed that systemic risk in financial networks can be drastically reduced by increasing 
transparency, i.e. making the DebtRank of individual banks visible to others, and by imposing a 
rule that reduces interbank borrowing from risky banks.

Further work in 2014 identified policies which would encourage agents to self‑organize and 
restructure the financial network in order to reduce systemic risk. The researchers explored introducing 
a systemic risk tax on individual transactions, which would be proportional to the amount the transaction 
contributed to the systemic risk of the entire network. This would reduce systemic risk practically to zero.

The equitable governance of common goods
The tragedy of the commons describes a situation where individuals, acting in their own self‑interest, 
behave contrary to the best interests of the wider group by depleting or degrading a common resource. 
Overfishing, unregulated logging, and pollution are environmental examples of the tragedy of the commons.

IIASA researchers have developed sophisticated experimental games and agent‑based models 
to work toward overcoming such “tragedies.” In the first study of its kind, IIASA examined how 
institutions could foster cooperation when both rewards and punishments are possible. Previous studies 
had either examined rewards and penalties in isolation, or focused on peer‑to‑peer sanctioning.

The new study used a game‑theory model to examine different incentive schemes, accounting for 
different group sizes and incentive costs. The results showed that an optimal strategy for an institution 
trying to encourage cooperation would be to start with rewarding those who cooperate. Only after a large 
proportion of agents have converted to cooperation should the authority shift to punishing wrongdoers.

Institutional enforcement is threatened by the corruption of authorities themselves. IIASA research 
published in 2015 used an evolutionary game model to analyze the interplay among foresters 
choosing between legal and illegal logging and law enforcers choosing between honest 
and corrupt behavior. The results show that educating enforcers about the benefits of 
honest conduct could significantly increase forester cooperation. Maximizing the 
spread of information about corruption would also have positive effects.

Achieving sustainable economic growth
A sustainable future for all is only possible if we can balance the economic growth needed to 
lift millions out of poverty against the protection of the environment and the services it provides.

Economic models include drivers which generate growth—such as physical and human capital, 
or natural resources—and modelers attempt to identify the investment decisions that will 
optimize the “utility” of the system. In the past, utility has been based entirely on economic 
costs and benefits, but to ensure sustainability, it often also includes objectives such as 
“environmental quality.” IIASA researchers have now developed a method to analyze 
such models and aid us on our path to sustainable growth.

Additional work focused on developing new methods for optimizing long‑term economic 
growth models, resulting in the book Green Growth and Sustainable Development (2013). 
This brought together models which integrate resource and environmental constraints into 
economic growth models.
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Drivers of Global Transformations

Population growth and demographic changes, technological innovations and their 
diffusion, and economic growth are the main drivers of global transformations. 
People are the agents of change and technology is the toolbox they use, 
and together they produce economic growth. Pathways toward sustainable 
development can be secured only if all these drivers are taken into account. 
Together with their interactions, these drivers have been integrated into the 
institute’s research across three global problem areas: Energy & Climate Change, 
Food & Water, and Poverty & Equity.

Population growth: Is education the missing link?
The rising number of humans on the planet is an undeniable driver of global change, 
and understanding patterns of population growth is therefore paramount to creating 
a sustainable future.

In its 2014 book World Population and Human Capital in the Twenty‑First Century, 
IIASA published its latest population projections that add education to the traditional 
demographic characteristics of age and sex. The book represents the broadest synthesis 
of expert knowledge on global drivers of fertility, mortality, migration, and education.

The findings emphasize the importance of education. As women become more educated, 
they gain power over their reproductive decisions and family size, which almost always translates to 
having fewer children. Future scenarios where education expands quickly show the world population 
increasing much more slowly, peaking, and declining to 8 billion by 2100. If education improvements 
come more slowly, world population is projected to reach as much as 10 billion by 2100.

These projections differ from the latest UN projections—world population reaching 11 billion by 2100—
in large part because IIASA incorporates education. In Nigeria, for example, UN projections show a 
population increase from 160 million in 2010 to 914 million in 2100. However, this assumes that the 
fertility rate in the country has recently been stagnant at six children per woman and will only decline 
slowly. The IIASA data show that fertility rates have already declined to 5.5 and assume a more rapid 
decline since women entering reproductive age are already much better educated than older women.

Stimulating innovation in the energy sector
Energy technology innovation—improving how we produce and use energy—is critical for a global transition 
toward sustainability. IIASA researchers are exploring how to stimulate innovation in the energy sector. 
In 2012 IIASA quantified, for the first time, all investments into energy technology innovation, examining 
all stages of energy technology development from research and development to the mass adoption of 
new technologies. The study assessed both energy supply and energy end‑use technology, showing that 
end‑use technologies were the dominant focus of investments (US$1–4 trillion annually), compared to only 
US$0.8 trillion per year for energy supply–related technology, which have been the traditional area of focus.

As part of this work, IIASA created the Energy Technology Innovation Systems (ETIS) framework, 
which integrates innovation drivers and policies across all stages of technology development and 
all elements of energy systems, including both supply and demand.

© Adam Smigielski | iStockphoto.com

Re
se

ar
ch

 H
ig

hl
ig

ht
s

IIA
SA

 2
01

1–
20

15

16

http://www.iiasa.ac.at/web/home/about/news/20141023-population-9billion.html
http://blog.iiasa.ac.at/2014/09/23/9-billion-or-11-billion-the-research-behind-new-population-projections
http://www.iiasa.ac.at/web/scientificUpdate/2014/program/tnt/energy-technology-innovation.html
http://www.istockphoto.com/photo/solar-energy-gm487080569-39271856


©
 k

as
to

80
 | 

iS
to

ck
ph

ot
o.

co
m

©
 k

as
to

80
 | 

iS
to

ck
ph

ot
o.

co
m

©
 z

hu
 d

ife
ng

 | 
Do

lla
r P

ho
to

 C
lu

b

Drawing from this work, a study published in the journal Nature Climate Change 
concluded that policy attempts to “push” novel post‑fossil supply technologies 
into a system heavily dominated by mature fossil technologies are unlikely to 
succeed as long as the latter continue to receive a lion’s share of public subsidies. 
More investment in efficient end‑use technologies is needed if a transition to a 
post‑fossil energy future is to be achieved.

Population aging
Rising life expectancy and declining fertility rates have led to concerns about 
population aging and its impacts in many developed countries. However, 
IIASA researchers argue that these conclusions are based on out‑of‑date, 
inflexible definitions of old age. Since 2012, under an Advanced Grant 
from the European Research Council, they have been working to develop 
new ways of understanding population aging.

An important shift in thought has been to quantify age in terms of the 
number of years a person has left. Instead of saying people are old at age 65, 
this prospective approach counts backwards from projected life expectancy, 
classifying people as old only when they have on average 15 remaining 
years of life expectancy. When IIASA researchers used this approach in a 
2015 study, they found that faster increases in life expectancy actually 
leads to slower population aging.

Another important development has been the characteristics approach, 
based on the idea that if people live longer but are ill or disabled for long periods 
at the end of their lives, there are different implications for society than if they 
are healthy, active, and working later in life. In 2013 IIASA researchers published 
a first set of methods for this approach, focusing on measurable physical and 
mental characteristics to provide a clearer view of people’s capabilities.

IIASA has also contributed to important insights into aging in different regions. 
A new study published in 2015 applied new measures of age to East and 
Southeast Asia, finding that the projected old‑age dependency ratio is much 
lower with the new measures than with traditional ones.

Our future under climate change
In 2014 the Intergovernmental Panel on Climate Change (IPCC) released its 
Fifth Assessment Report. The physical basis of climate change was quantified 
and four possible greenhouse gas concentration trajectories—known as 
the Representative Concentration Pathways (RCPs)—were produced. 
The RCPs, to which IIASA contributed substantially, provide essential input 
for climate models, but to truly understand the impacts of climate change 
on humanity, complementary socioeconomic and ecological information is 
needed. This is provided by the Shared Socioeconomic Pathways (SSPs), 
which IIASA has played a fundamental role in shaping.

The SSPs describe five alternative future worlds that vary with respect to 
social and economic mitigation and adaptation challenges. Scientists use these 
scenarios for integrated analysis of future climate impacts, vulnerabilities, 
adaptation, and mitigation.

Work on the SSPs began in 2011 at IIASA, providing the population projections 
for all scenarios, covering social trends in a richer and more relevant way, 
giving the full age, sex, and education structure across time and countries. 
Although the institute contributed to all pathways, IIASA focused particularly on 
the third scenario, which describes a world separated into regions characterized 
by extreme poverty, pockets of moderate wealth, and a large number of countries 
struggling to maintain living standards for rapidly growing populations.

Ultimately, the SSPs will shape humanity’s response to climate change. 
The contribution of IIASA research provides a vital part in helping us, 
and future generations, through the challenges to come.
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Integrated Research for Global Transitions

Systems analysis is one of the few research approaches that has the breadth and depth to find 
long‑lasting solutions to global problems, taking into account all possible synergies and trade‑offs. 
Integration is the core of this approach, and over the past five years IIASA has continued this practice, 
integrating specific programs and activities and emphasizing the importance of problem solving 
over disciplinary interests.

Following the success of the Global Energy Assessment, completed in 2012, IIASA launched 
four further Futures Initiatives—multi‑year projects spanning IIASA research areas and programs. 
These include: Water Futures and Solutions; the Arctic Futures Initiative; the Tropical Futures 
Initiative; and Challenges and Opportunities of Economic Integration within a Wider European 
and Eurasian Space. In 2015 two large‑scale, integrated projects supporting major global 
transformations were launched—The World in 2050, and Integrated Solutions for 
Water, Energy, and Land. In addition, four cross‑cutting projects were also established.

Comparing models to understand climate change impacts
Climate change and its impacts are being felt across the globe. While the focus of 
IIASA research to date has been mostly on mitigating climate change, we must now 
also recognize the importance of adapting to its reality.

The Inter‑Sectoral Impact Model Intercomparison Project (ISI‑MIP), launched in 2012, 
is the first to produce state‑of‑the‑art climate impact studies with a focus on humans. 
A collaboration between IIASA, the Potsdam Institute for Climate Impact Research (PIK), 
and other institutes, the project brings together climate impact modeling groups, 
allowing them to compare their work and learn from each other. One of the most 
important outcomes of this initiative is the way it has changed the scientific dialogue. 
There is now a recognition that combining disparate groups and inconsistent results into 
a consistent body of analysis can provide a much more powerful tool for policy making.

Not only does this approach help us understand why the impacts of climate change 
differ depending on region or scale, it also gives an insight into uncertainty in the 
models and data. Identification of these sources of uncertainty is a major step in 
improving both the science and policy advice.

Two journals—PNAS and Earth System Dynamics—have produced special issues on 
ISI‑MIP and its pioneering work toward understanding the impacts and uncertainties 
associated with global change.

Achieving water security for all
The water challenges faced by society are growing in both scale and complexity. As IIASA 
research shows, the 44% of the world’s population that face the worst water insecurities are also 
those who are the least able to cope. As water gets more and more scarce it cannot be managed 
as though it exists in a separate, independent “water sector.” Sustainable water management 
must recognize the links between water and energy, agriculture, and the economy as a whole.

Water Futures and Solutions (WFaS), launched in 2013, brings together 40 leading institutes 
to identify options for improving water security. This scenario‑based approach pioneers 
multi‑model ensemble analysis across sectors, which allows inclusion of socioeconomic factors 
such as governance. The initiative also includes a stakeholder consultation component 
to guide the science and test policy outcomes.

WFaS offers practical policy advice for real‑world problems. As Mauritius became more 
developed, for example, it lost the favorable trade deal—given by the EU to developing 
countries—for its main export, sugar. WFaS researchers worked with the Mauritian government 
to explore the possibility of using sugar to produce bioethanol instead and see what effect 
this would have on the country’s economy, energy security, and greenhouse gas emissions. 
Ultimately WFaS advised that investing in sugar plants that could switch between sugar 
and ethanol production would bring long‑term benefits.
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Effective policies for forest protection
Deforestation means the loss of globally important carbon stocks and wildlife habitats. 
The Reducing Emissions from Deforestation and Forest Degradation (REDD) initiative was 
launched by the UN Framework Convention on Climate Change and subsequently extended to 
REDD+, which also includes forest conservation, sustainable management of forests, and the 
enhancement of forest carbon stocks.

However, there is a lack of the technical knowledge needed for monitoring progress and for 
designing policies to achieve the REDD+ aims. To bridge this gap, IIASA and partners launched 
REDD‑PAC, the REDD Policy Assessment Center, in 2012 and the Tropical Futures Initiative 
(TFI) in 2014. These projects act as a global forum for sharing data on forests and deforestation 
drivers, and have developed methodologies and best practices for land‑use planning. 
REDD‑PAC began with a focus on tropical deforestation. The TFI has expanded to cover 
air pollution, agriculture, and water.

Progress has been swift. In Brazil IIASA researchers trained local modelers to use the 
IIASA Global Biosphere Management (GLOBIOM) model. The results have been used 
by the government to produce the country’s Intended Nationally Determined Contribution 
(INDC). INDCs, announced by countries in preparation for the climate talks in Paris 
in 2015, publicly outline the post‑2020 climate actions they intend to take under a 
new international agreement.

In Indonesia, IIASA researchers have worked with modeling partners at the World Agroforestry 
Centre, the World Wide Fund for Nature, and the Bandung Institute of Technology to adapt 
GLOBIOM to fit local needs and contexts.

Population diversity & planetary impacts
Population diversity can influence human consumption patterns and, in turn, 
the assessment of their environmental impacts. For instance, income and geographic 
location influence people’s choice of cooking fuels and stoves, which in turn drives 
local pollution, health impacts, and greenhouse gas emissions.

These impacts could well be underestimated if only population averages are considered. 
It is therefore crucial to take such socioeconomic heterogeneity into account when modeling 
global change. Tackling this issue is the IIASA project Socioeconomic Heterogeneity in 
Model Applications (SCHEMA), launched in 2014.

In its first year SCHEMA focused on southern Asia and researchers developed preliminary 
projections of drivers of urbanization and income inequality. The scientists also developed a 
method of incorporating these two drivers into the IIASA models GAINS (Greenhouse Gas and 
Air Pollution Interactions and Synergies), GLOBIOM (Global Biosphere Management), and MESSAGE 
(Model for Energy Supply Strategy Alternatives and their General Environmental Impact).
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Services to the Research Community

IIASA provides important services to the wider research community. For instance, the institute 
serves as a repository for key datasets on energy, climate, population, and land cover developed 
by the institute and its international research network. IIASA models and tools are developed in 
collaboration with partners to tackle challenges at global, regional, national, and sub‑national 
levels. The institute also acts as a convening hub to compare, improve, and unify models.

Integrated modeling
Attempting to tackle global environmental challenges by focusing on a single sector or issue can 
lead to narrow conclusions, potentially omitting important co‑benefits and/or leading to unforeseen 
trade‑offs. As a pioneer and leader in systems analysis, IIASA has long recognized the importance 
of integrating data and models to incorporate the links between issues. This approach has revealed 
important co‑benefits that can help humankind on the road to sustainability.

The Greenhouse Gas and Air Pollution Interactions and Synergies (GAINS) model, one of the 
institute’s widely used integrated models, identifies cost‑effective emission control strategies to tackle 
air quality while reducing greenhouse gas emissions. Users can explore measures that simultaneously 
address health and ecosystem impacts of particulate pollution, acidification, eutrophication, and 
tropospheric ozone, while considering emission rates of greenhouse gases. By 2015 public versions 
of GAINS, with national‑ and subnational‑level data and analysis, were available for Europe, China, 
South Asia, and the UN Framework Convention on Climate Change Annex I countries. Several national 
applications of GAINS, accessible and operated within project consortia, have also been developed, 
including versions for France, Italy, the Netherlands, Poland, Russia, South Korea, and Sweden.

IIASA also provides tools for exploring alternative energy scenarios and their impacts on emissions 
and climate mitigation strategies. The Energy–Multi Criteria Analysis Tool (ENE‑MCA), for example, 
is an interactive online platform for decision makers to assess sustainable energy development pathways, 
while the logistic substitution model LSM2 helps to analyze technological growth and substitution.

Land‑use models developed at IIASA help researchers and policymakers understand the linkages 
and interconnections between land use, food production and security, water resources, climate change, 
and other issues. In 2014 IIASA launched the fourth version of its Global Agro‑ecological Zones 
(GAEZ) system, making the data freely available for users to evaluate the biophysical limitations 
and production potentials of land with the aim of rational land‑use planning.

IIASA works regularly with partners to adapt its global models to national levels or apply them to specific 
research problems. For example, IIASA applied its integrated modeling cluster, which analyzes competition 
for land use between agriculture, forestry, and bioenergy, to a project with the World Wide Fund for Nature, 
the Living Forest Report. This large‑scale effort achieved high visibility among policymakers.

IIASA acts as convening hub for global modeling teams to conduct comparisons between sectoral models and 
stimulate new approaches. IIASA is a founding member of the Integrated Assessment Modeling Consortium, 
for example, which holds regular model comparison workshops. These help to develop unified approaches 
to analyze the differences in methods and results.
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Well‑managed data supporting robust research
The institute’s large‑scale data repositories are a vital resource to the global research community. 
These databases allow research groups to compare results based on consistent foundations. 
Regular data upgrades also facilitate up‑to‑the‑minute research, produced in a timely manner.

On behalf of the Intergovernmental Panel on Climate Change (IPCC), IIASA hosts several 
databases which support the work of the climate change research community. These include 
the Representative Concentration Pathways (RCPs), which provide data on greenhouse gas 
concentration trajectories, and the Shared Socioeconomic Pathways (SSPs), which are used to 
analyze the feedbacks between climate change and socioeconomic factors. IIASA also houses 
over 1,100 long‑term scenarios that were reviewed in the IPCC Fifth Assessment Report.

The RCP database includes harmonized data for three of the four RCPs. Emissions pathways 
starting from the base year 2000 are provided for black and organic carbon, methane, 
sulfur, nitrogen oxides, volatile organic compounds, carbon monoxide, and ammonia. 
Radiative forcing and concentrations of greenhouse gases are given up to the year 2100, 
and are extended for climate modeling experiments to 2300. Wherever available, 
historical information is provided back to the year 1850, and the database is regularly 
updated with new, relevant information.

The SSP database includes population and economic development projections, 
the elements that are most used as the basis of both integrated assessments and 
studies regarding impacts, adaptation, and vulnerability. Specifically, the database allows 
quantification of populations by age, sex, and education; urbanization; and economic 
development. This database also includes preliminary SSP‑based scenarios which provide 
detailed global and regional projections, for, among others, energy supply and use; 
land use; greenhouse gas and air pollutant emissions; average global radiative forcing 
and temperature change; and mitigation costs.

The IIASA population projections underpinning the SSP database were released in 2014 and 
provide the broadest‑ever population projections for every nation in the world. These data are 
available online via the Wittgenstein Centre Data Explorer, a tool to browse, select, visualize, 
and download data on changing global patterns of education, age, and sex up to 2100.

Key energy databases at IIASA include the Global Energy Assessment Scenarios Database, 
which documents results and assumptions of the energy transformation pathways that 
underpin the GEA. The UN Sustainable Development Goal seven—to ensure access to 
affordable, reliable, sustainable and modern energy for all—is the only one to have 
been quantified, thanks to the GEA Scenarios Database.

IIASA also hosts global databases on world soil resources, cropland, and forests providing 
valuable input for the research community. The Harmonized World Soil Database (HWSD), 
for example, has greatly enhanced the accuracy and availability of soil information, 
thereby improving researchers’ abilities to calculate the potential of land for food and 
fiber production. The Global Forest Database includes detailed spatial distribution of 
forest biomass, which is crucial for researchers to estimate the carbon sources and sinks 
that result from converting a forest to cleared land, or vice versa.
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Energy & Climate Change

Energy is essential for socioeconomic development and human wellbeing. At the same time, the impacts 
of energy production often include air pollution and greenhouse gas emissions; these damage health 
and the environment, and raise the risks of irreversible climate change. In the last five years IIASA has 
built on its integrated approach to energy and climate change through improved scenario development, 
assessment of medium‑ and long‑term policies, and the development of robust adaptive strategies to 
reduce the impacts of climate change on human wellbeing and to protect the environment.

Working at the heart of climate science
The Intergovernmental Panel on Climate Change (IPCC) Fifth Assessment Report, published in 2014, 
is a comprehensive, rigorous assessment of the current state of climate science, providing crucial information 
for climate policy. As with all past IPCC reports, the IIASA contribution to this document was substantial.

IIASA researchers were integrally involved in the development of the Representative Concentration Pathways 
(RCPs)—four greenhouse gas concentration trajectories that provide the foundation for the climate modeling and 
research used in the report; and the Shared Socioeconomic Pathways (SSPs)—five possible paths human societies 
could follow over the next century. In addition to this, IIASA serves as the repository for two IPCC databases.

Overall, 21 IIASA researchers and council members were lead authors or contributors to the report. 
In Working Group I, which focuses on the physical science basis of climate change, IIASA researchers 
contributed to reporting on detection and attribution of climate change, as well as near‑ and long‑term 
climate change, including examination of projections, commitments, and irreversibility.

In Working Group II, IIASA provided input on the needs and options for adaptation, the economics 
of adaptation, and the importance of freshwater resources.

In addition, IIASA researchers were lead authors for seven of the sixteen chapters of Working Group III, 
covering sustainable development and equity; energy systems; pathways toward the transformation to 
zero net CO2 emissions; investment and finance issues; and integrated risk and uncertainty assessment 
of climate change policies.

Defining a new energy policy agenda
Our sustainable future cannot be achieved without addressing a series of energy challenges. How can we 
halt rising temperatures, enhance energy security, and provide universal access to clean, modern energy?

The Global Energy Assessment (GEA), coordinated by IIASA and published in 2012, reveals findings that will 
transform the way society thinks about, uses, and delivers energy. Conducted by 500 of the world’s leading energy 
experts in research, business, and policy, and subjected to peer‑review, the GEA took over five years to complete. 
It was supported by governmental and nongovernmental organizations, the UN, and the private sector.

The GEA addressed four topics that are key to energy transformation: a review of major 21st century 
energy challenges; an assessment of current energy technologies; options and pathways to solutions; 
and policy recommendations and tools.
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This ground‑breaking work formed the inspiration and scientific basis for Sustainable Energy for All 
(SE4All). This global initiative, launched by UN Secretary‑General Ban Ki‑moon in 2012, used the 
findings from the GEA to shape its three core objectives, namely: (i) provide universal access to 
modern energy services; (ii) double the global rate of improvement in energy efficiency; and 
(iii) double the share of renewable energy in the global energy mix.

Since the launch of SE4All, IIASA work has laid the foundations for the Global Tracking Framework 
report, led by the World Bank Group and the International Energy Agency to monitor progress toward 
SE4All objectives. IIASA scientists also played a key role in the first SE4All Forum, which brought over 
700 participants together to discuss strategies toward universal sustainable energy access. GEA findings 
and SE4All objectives have also been taken up in the targets for the energy Sustainable Development Goal.

Shaping European air quality policy
Many air pollutants and greenhouse gases (GHGs) have common sources, and integrated policies 
which deal with these problems together can yield important co‑benefits. To explore the synergies 
and trade‑offs between control of air pollution and mitigation of GHGs, IIASA developed the 
Greenhouse Gas and Air Pollution Interactions and Synergies (GAINS) model. GAINS is 
used to analyze emissions’ drivers, policies, the chemical transformation and dispersion 
of pollutants in the atmosphere, and the ensuing health and environmental impacts.

The multi‑pollutant/multi‑effect perspective of this model has provided vital input for 
European air quality policy. In 2013 the European Commission introduced a new 
clean air policy package to reduce pollution. Based on research from the five‑year, 
IIASA‑led EC4MACS Consortium, the new policies are projected to avoid 58,000 
premature deaths, save 123,000 km2 of land from nitrogen pollution, and 
protect 19,000 km2 of forest from acidification by 2030.

GAINS provides vital support for climate policies. In 2014 the European Commission 
agreed a proposal for new climate and energy targets for 2030, including a 
reduction of EU GHG emissions by 40% below the 1990 level. Negotiations leading 
to the compromise were informed by GAINS model results on the potential benefits 
and costs of various climate policies. GAINS is available online with interactive access 
to implementations for Europe, Asia, and Annex I countries of the UNFCCC Convention.

Tackling short‑lived climate forcers
So‑called short‑lived climate forcers (SLCF), such as methane and black carbon (soot), 
come from a broad variety of sources, including diesel engines, stoves, and cows. In contrast 
to CO2, which remains in the atmosphere for thousands of years, they last only days to a few 
years. Despite this, they are powerful warming agents and contribute to global warming.

In 2010 IIASA began to extend its GAINS model to analyze the costs and benefits of 
reducing SLCFs. Two years later in a paper in Science, researchers from IIASA, the NASA 
Goddard Institute for Space Studies, and other partners identified 14 of some 400 tried and 
tested emissions control measures that would target methane and black carbon emissions, 
in turn reducing projected global mean warming by 0.5°C by 2050. The research also showed 
other benefits from tackling SLCFs, including avoiding an estimated 0.7 to 4.7 million 
annual premature deaths from outdoor air pollution and increasing annual crop yields 
by 30 to 135 million metric tons, due to ozone reductions in 2030 and beyond.

The study formed the basis of the Climate and Clean Air Coalition (CCAC), 
announced in 2012 by then US Secretary of State Hillary Clinton. CCAC now has 
nearly 100 country and non‑state partners working to identify and implement 
measures to address short‑lived climate pollutants.

The importance of reducing SLCFs is undisputed, and IIASA research has shown 
that immediate action on these pollutants could significantly reduce premature 
mortality from air pollution, increase agricultural yields, and help minimize 
short‑term climate warming. However, in 2014 IIASA research also issued a stark 
warning to policymakers worldwide: although reducing SLCFs does offer 
these societal benefits, it does not buy time for delaying reductions in CO2 

emissions. Analysis shows that urgent action to reduce atmospheric CO2 is 
needed to stabilize the climate at safe levels, especially in the long term.
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Food & Water

Increasing global demands for food and freshwater are putting unprecedented pressure on the 
world’s resources. Human exploitation of natural resources has resulted in the vast degradation of land 
and vegetation, overexploitation of marine resources, depletion of aquifers, and loss of biodiversity. 
To help meet these global challenges IIASA has pursued a solution‑oriented systems approach in which 
food and water resources are viewed in the wider context of land, marine, and ecosystem management, 
and dependent on socioeconomic developments and sustainable growth.

Using citizen science to gather land‑use data
Land‑cover information is fundamental for environmental research. It serves as baseline data 
for many large‑scale models used to road‑test policies regarding land use and climate change. 
In the last decade, multiple global land cover data products have been developed. But comparison 
of these often yields discrepancies: where one map shows cropland another may show forest.

Geo‑Wiki, developed by IIASA and partners, harnesses the power of citizen science to collect 
and verify land cover data via high‑resolution Google Earth images. Registered volunteers 
review “hotspots” where data are missing or where satellite images disagree over the 
land cover type. These data, checked and validated by the Geo‑Wiki development team, 
are made freely available online.

Campaigns and games have been used with great effect to encourage 
volunteer participation and further enrich the data. In 2013 the 
Cropland Capture game—in which participants travel through satellite 
images of the Earth looking for arable land—was launched. To date well 
over 2,500 people have played the game on tablet, mobile phone, and PC, 
validating over 2.5 million km2 of land cover data: half the size of the EU.

Leading the way to climate‑smart agriculture
As the world’s population increases, modern agriculture must rise to 
the challenge to produce enough food while ensuring that greenhouse 
gas (GHG) emissions do not rise in parallel. Cutting‑edge IIASA research 
identifies best practices for climate‑smart agriculture around the world.

Livestock production is responsible for 12% of human‑related GHG emissions, 
IIASA research revealed in 2013. This is primarily the result of land‑use change 
and deforestation, with methane released by the animals, manure management, 
and feed production also contributing. Targeted, sustainable solutions for the 
livestock sector and its wide‑ranging contribution to the global food system 
are clearly needed.

To this end, in collaboration with the Commonwealth Scientific and Industrial 
Research Organisation of Australia and the International Livestock Institute in Kenya, 
IIASA constructed a global dataset describing livestock production systems in terms 
of feed requirements, milk and meat productivity, and GHG emissions intensity. 
The data provide critical information for researchers and policymakers.

In 2014 IIASA research, published in PNAS, demonstrated that Brazil, the world’s 
largest beef exporter, may be able to curb up to 26% of its GHG emissions from 
deforestation by subsidizing semi‑intensive, pasture‑based cattle production, 
or taxing conventional pastures. A subsequent study, also published in PNAS, 
showed that, globally, GHG emissions from land‑use change could be cut by 
as much as 23% by 2030 through switching livestock from pure grazing diets 
to diets supplemented with high‑quality feeds.

This research has provided direct input into the policy process. For instance, 
IIASA contributed to the 2014 report on the role of the livestock sector in 
the sustainable development of Africa which was produced by the office of 
the Special Representative of the UN Secretary‑General for Food Security.

Re
se

ar
ch

 H
ig

hl
ig

ht
s

IIA
SA

 2
01

1–
20

15

24

http://www.iiasa.ac.at/impacts/crowdsourcing
http://www.iiasa.ac.at/news/cropcapture
http://www.iiasa.ac.at/web/home/about/news/20131216-global-livestock.en.html
http://www.iiasa.ac.at/web/home/about/news/201400428-PNAS-Cohn.html
http://www.iiasa.ac.at/web/home/about/news/20140225-PNAS.html


© Zvonko59 | Dreamstime.com

©
 S

ea
n_

W
ar

re
n 

| i
St

oc
kp

ho
to

.c
om

Achieving food and energy security through sustainable land use
Land is an indispensable resource. However, its use is limited by climate, topography, and soil as 
well as by demographic, socioeconomic, and political factors. The Global Agro‑ecological Zones 
(GAEZ) model system provides policymakers with the ability to assess the Earth’s available resources 
in great detail, and to analyze the synergies and trade‑offs between alternative uses of resources 
(land, water, technology) to ensure food and energy security, as well as environmental sustainability.

In conjunction with the Food and Agriculture Organization (FAO) of the UN, IIASA has been 
developing GAEZ for more than 30 years and it continues to shape land‑use policy today. 
The analyses and results provided by GAEZ played an integral part in the 2011 FAO report 
on scarcity and abundance of land resources. In the same year the system was also used to 
estimate “fair” land values in a World Bank study of responsible investment in agriculture.

In 2013, in response to the new Representative Concentration Pathways, work began on 
GAEZ 4.0. This new version assesses agro‑climatic resources and crop potentials for the 2020s, 
2050s, and 2080s. The update, which was completed in 2014, also involved providing GAEZ training 
to FAO staff and working to establish operational GAEZ capacity at the FAO headquarters in Rome.

Managing the long‑term impacts of overfishing
Intense fishing not only changes the abundance of the targeted fish populations over time, but also 
alters their genetics. Exploited fish populations worldwide are starting to reproduce at an earlier age 
and smaller size. This can affect a stock’s productivity, stability against collapse, and recovery potential. 
What’s more, it takes a long time to reverse, even if fishing ceases.

The build‑up of scientific evidence on this topic, to which IIASA made a substantial contribution, 
has led fisheries research agencies to shift focus toward a serious examination of how important 
these evolutionary impacts are to maintaining sustainable fisheries.

To address this, an international expert group of IIASA scientists and collaborators, working under 
the auspices of the International Council for the Exploration of the Sea, developed a framework for 
fisheries managers to conduct evolutionary impact assessments (EvoIA) for the fish populations 
they oversee. The EvoIA framework, now in widespread use, enables managers to estimate changes 
in genetic traits, study the resultant effects, and account for the socioeconomic implications 
for stakeholders. Managers can then use those insights to identify strategies that best achieve 
evolutionarily sustainable fisheries.

Adding to this work, in 2014 IIASA developed a new, more accurate approach to calculating 
maturation schedules. Slow‑maturing fish are a concern for fisheries management because 
if they are caught young they will not have had a chance to reproduce and contribute to the stock. 
Maturation schedules allow stock assessment scientists to estimate the probability of a fish maturing 
at a certain age. The IIASA method is now contributing to assessments of fish stocks around the world.
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Poverty & Equity

Low education levels, inadequate access to energy, food, and water, and the lack of inclusive 
governance are just a few examples of the myriad dimensions of poverty which can drive human 
wellbeing into the dust. IIASA recognizes that poverty causes environmental issues like deforestation, 
unsustainable food production, degradation of soils, and harmful pollution, creating a vicious cycle. 
Research at the institute has used a systematic approach to examine the factors underlying 
poverty and inequities and identify options to reduce them and their impacts.

The power of education to build resilience
We know that education is powerful—transforming the lives of those lucky enough to have 
access to it. However, it is not only individuals that benefit: education can make a community 
as a whole more resilient in the face of climate change.

IIASA research from 2013 demonstrated that education reduces vulnerability to natural disasters 
such as storms, droughts, floods, and landslides that are expected to occur more often as the 
climate changes. The research also revealed the importance of educating women in particular: 
results from 130 countries showed that education of women aged 20–39 was the single most 
important influence on vulnerability.

IIASA researchers argue that education should form a fundamental part of climate change 
adaptation policies. Indeed, a 2014 IIASA article in the journal Science showed that in many cases, 
particularly where the exact consequences of climate change are still unclear, educational expansion 
could be a better investment than conventional investments such as building sea walls.

Balancing energy access with climate change mitigation
While fighting poverty is a major international goal, it is unclear how increased living standards 
will impact greenhouse gas emissions and future climate change. IIASA research has shown that 
providing universal access to clean cooking, lighting, and electricity can help lift people out of poverty, 
improve health, increase education levels, and increase earning power. It also has a relatively 
benign effect on climate change.

A 2014 IIASA study explored how improving household electricity access in India over the last 30 years 
has contributed to the nation’s total emissions growth. The results reveal that although around 650 million 
people achieved access to electricity over that period, this only contributed 3–4% of the national emissions 
increase. A 2013 study also showed that providing universal clean cooking energy and basic electricity 
by 2030 would have a negligible effect on total greenhouse gas emissions.

IIASA research has also examined the effects of climate policies on the goals of universal energy access. 
A study in the inaugural Nature Energy issue showed that stringent climate mitigation in South Asia can 
make clean cooking energy unaffordable for over 300 million people if access policies are not put in place. 
This highlights the need to carefully design climate policies to account for development goals.
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Strengthening flood resilience
In recent years flood‑related disasters have had tremendous 
social and economic impacts around the world. To help improve 
flood resilience and aid community‑based disaster risk reduction, 
IIASA, the Wharton School of the University of Pennsylvania, and 
the Zurich Insurance Group came together in 2013 to establish 
the Zurich Flood Resilience Alliance.

The initiative helps to strengthen community resilience against floods 
and develop and disseminate knowledge and expertise. The research 
collaboration is innovative, bringing together academic institutes, 
the private sector, and policymakers to focus on project implementation.

The first working paper of the initiative was published in 2014. 
The authors emphasized that in order to avoid the social and economic 
costs that can drive communities and even whole countries into poverty, 
disaster resilience should be seen as an integral part of development. 
They identified key challenges including haphazard development, 
weak institutions, lack of social safety nets, and short‑termism of 
decision‑making practices. In a subsequent contribution, IIASA 
produced a comprehensive review on the costs and benefits of 
flood mitigation projects, showing that investments largely pay off.

The Flood Resilience Alliance project received the United Nations 
“Momentum for Change” Lighthouse Activity award at the 
2014 COP20 climate summit in Lima, Peru, created to shine 
light on the best examples of climate solutions.

Bouncing back after natural disasters
Natural disasters, particularly in developing countries, can cause 
devastating impacts that can swamp government abilities to provide 
relief and reconstruction. Through its Catastrophe Simulation 
(CATSIM) model—which gives insights into the pros and cons of 
different policy options—IIASA has helped many governments to 
assess their financial and economic resilience and design appropriate 
risk‑management strategies.

During 2011–2012 IIASA used CATSIM to support a major study by 
Madagascar’s government disaster agency on “Mainstreaming Disaster 
Risk Management and Climate Change in Economic Development.” 
Madagascar, which suffers an average of two tropical cyclones every 
three years, sought IIASA assistance in the wake of cyclone Gafilo 
which killed 363 people and caused damages of 5% of the country’s 
GDP. Following the study, the disaster agency now plans to adopt 
risk management and technology approaches to help reduce 
disaster impacts.

CATSIM analysis also informed deliberations on the rationale for 
the Loss and Damage Mechanism of the UN Framework Convention 
on Climate Change, which was agreed in 2013. The mechanism 
is intended to address climate change‑related loss and damage in 
developing countries that are the most severely affected. CATSIM 
provided insights into the costs of supporting vulnerable countries’ 
risk reduction and risk financing activities by setting up a global fund 
that absorbs different levels of risk.

Finally, IIASA made an important contribution to the biannual 
Global Assessment Report of the UN Office of Disaster Risk Reduction. 
The 2015 report and process supporting it served as important 
input to the third UN World Conference on Disaster Risk Reduction, 
held in March 2015.
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Capacity Development & Training

While research is the major mission of IIASA, capacity 
development is of central importance. This benefits IIASA 
in the long term by attracting and training new research talent 
and it benefits member countries by equipping their researchers 
with the skills needed to aid decision making in a time of 
global change.

The institute runs capacity development activities 
for PhD students, postdocs, and policymakers at IIASA 
and around the world. Capacity development also occurs in 
the context of active research collaborations. In the past five 
years the institute has consistently identified and exploited 
opportunities for increased research partnerships with 
institutions and individual scientists in member countries.

Equipping young scientists to develop tomorrow’s solutions
The Young Scientists Summer Program (YSSP) allows PhD students 
to work alongside IIASA researchers for three months, gaining new 
insight into their own fields of research as well as those of the institute. 
The program includes lectures, seminars, and workshops to broaden 
participants’ perspectives and skills.

Applications to the YSSP have risen and the mix of nationalities 
become ever broader: 254 young scientists from over 25 countries 
attended YSSP between 2011 and 2015 and in 2012 YSSP hosted 
students from Cambodia, Ghana, and New Zealand for the first time.

The program nurtures talent by providing outstanding students with 
the financial support to return to IIASA for three months, giving them 
a boost on their way to greater heights. Joeri Rogelj, for example, 
participated in the 2011 program and won the IIASA Peccei Award, 
allowing him to return to IIASA to continue his work. He is now a 
researcher in the IIASA Energy Program.

In 2014 Jun Liu received the IIASA Mikhalevich Award, 
presented to students who use mathematical tools to 
solve real‑world problems. She published a paper, entitled 
“Air quality benefits of coal substitution policies in the 
Beijing–Tianjin–Hebei Region in China,” based on her 
work at IIASA.

YSSP alumni have gone on to achieve high positions in science, 
business, and government. A few examples are Holmes Hummel, 
senior policy advisor for the US Department of Energy Office of Policy 
& International Affairs; Elena Rovenskaya, IIASA Advanced Systems 
Analysis program director; and Michael Raghib, researcher at IBM.

The Southern African YSSP
Building on the success of the YSSP, IIASA and its South African 
National Member Organization, the National Research Foundation, 
launched the first regional expansion of the YSSP in 2012. Hosted 
by the University of the Free State in Bloemfontein in South Africa, 
the Southern African YSSP (SA‑YSSP) ran from December to February 
for three years. Starting from 19 participants in the first year, numbers 
rose to 36 in 2014, with students representing 21 different nations. 
The participants were mentored by 12 IIASA scientists partnered with 
11 South African scientists, each from a different research institution.
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The IIASA Postdoctoral Program
Every year IIASA provides full funding for several postdoctoral researchers. These early‑career scientists 
get the chance to work in a rich international, interdisciplinary environment with access to the worldwide 
network of IIASA collaborators to gain hands‑on experience solving real‑world problems.

In 2014 IIASA announced the re‑launch of its Luis Donaldo Colosio Fellowship, giving Mexican citizens 
the opportunity to apply for a two‑year postdoctoral position at IIASA. This coincided with Mexico 
joining IIASA the same year as its 22nd national member.

In 2015 IIASA announced the Peter E. de Jánosi Postdoctoral Fellowship, set up in honor of its 
former director and council member. The million dollar fund will provide for ten annual fellowships, 
open to applicants working in a relevant research field.

The success of these funding systems means that IIASA has been able to invest further in the 
careers of bright young scientists, and the number of postdoctoral positions awarded have risen 
from five in 2010 to eleven in 2015.

Workshops at IIASA and around the world
The IIASA network is global: the 23 National Member Organizations represent every continent bar Antarctica, 
and scientists from the institute contribute to workshops, conferences, and collaborations worldwide.

In 2012 the IIASA REDD Policy Assessment Center project, focused on reducing CO2 emissions from 
deforestation and forest degradation, was launched in Brazil. Two key workshops followed in the Democratic 
Republic of the Congo (DRC), developing a strategy to improve countries’ project ownership and identifying 
the DRC, the Central African Republic, and Cameroon as pilot countries for high‑resolution modeling work.

In 2013 two workshops, co‑organized by IIASA and the Global Carbon project, were held at IIASA and 
in Tokyo, Japan, to discuss how we can remove greenhouse gases from the atmosphere. Researchers presented 
findings on the level of “negative emissions” required to limit a global mean temperature increase to the 
2°C target. These workshops were followed by a third in 2015, focusing on negative emission technologies.

An important challenge in achieving sustainability is how to ensure that ecosystem services are included 
in national and international budgets. In 2014 IIASA and the Indian Technology Information, Forecasting 
and Assessment Council held a workshop in India dedicated to this problem.

Ensuring that the best science is used to produce the best policy is a key focus at IIASA. In partnership with 
Future Earth and The Science & Technology Alliance for Global Sustainability, the institute hosted 
an international symposium and public lecture in 2015 entitled Science‑Policy in a Global Context, 
focused on the needs of governments and institutions for scientific support in policy development, 
negotiations, and implementation.

The IPCC Expert Meeting was held at IIASA in 2015 to discuss the newly developed set of scenarios 
for the Shared Socioeconomic Pathways, designed to investigate how socioeconomic developments 
change the impacts of climate change. Participants assessed use of the scenarios, evaluated research 
achievements, and discussed how they should be applied in the future.
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Nature & Other NPG Journals
Reduced carbon emission estimates from fossil fuel 
combustion and cement production in China
Liu Z, Guan D, Wei W, Davis SJ, Ciais P, Bai J, 
Peng S, Zhang Q, Hubacek K, Marland G, 
Andres RJ, Crawford‑Brown D, Lin J, Zhao H, 
Hong C, Boden TA, Feng K, Peters GP, 
Xi F, Liu J, Li Y, Zhao Y, Zeng N, He K
Nature 524(7565):335–338 (2015)

Five priorities for the UN Sustainable 
Development Goals
Lu Y, Nakicenovic N, Visbeck M, Stevance A‑S
Nature 520(7548):432–433 (2015)

Climate modelling: Community initiative 
tackles urban heat
See L, Mills G, Ching J
Nature 526(7571):43 (2015)

Limited impact on decadal‑scale climate 
change from increased use of natural gas
McJeon H, Edmonds J, Bauer N, Clarke L, Fisher B, 
Flannery BP, Hilaire J, Krey V, Marangoni G, Mi R, 
Riahi K, Rogner H, Tavoni M
Nature 514(7523):482–485 (2014)

Satellite data: Beyond sharing Earth observations
See L, Fritz S, McCallum I
Nature 514(7521):168 (2014)

Climate extremes and the carbon cycle
Reichstein M, Bahn M, Ciais P, Frank D, Mahecha MD, 
Seneviratne SI, Zscheischler J, Beer C, Buchmann N, 
Frank DC, Papale D, Rammig A, Smith P, Thonicke K, 
van der Velde M, Vicca S, Walz A, Wattenbach M
Nature 500(7462):287–295 (2013)

Earth science: A holistic approach to climate targets
Rogelj J
Nature 499(7457):160–161 (2013)

Probabilistic cost estimates for 
climate change mitigation
Rogelj J, McCollum DL, Reisinger A, 
Meinshausen M, Riahi K
Nature 493(7430):79–83 (2013)

Sexual selection enables long‑term coexistence 
despite ecological equivalence
M’Gonigle LK, Mazzucco R, Otto SP, Dieckmann U
Nature 484(7395):506–509 (2012)

Agriculture: Soil remedies for small‑scale farming
van der Velde M, See L, Fritz S
Nature 484(7394):318 (2012)

Conservation: Citizens add to satellite forest maps
van der Velde M, See L, Fritz S
Nature 490(7420):342 (2012)

Reaching peak emissions
Jackson RB, Canadell JG, Le Quéré C, Andrew RM, 
Korsbakken JI, Peters GP, Nakicenovic N
Nature Climate Change 6(1):7–10 (2016)

Biophysical and economic limits 
to negative CO2 emissions
Smith P, Davis SJ, Creutzig F, Fuss S, Minx J,Rogelj J, 
McCollum D, Krey V, Grubler A, Jonas M, Kraxner F, 
Nakicenovic N, Obersteiner M, Rogner M, et al.
Nature Climate Change 6(1):42–50 (2016)

Multiple carbon accounting to support 
just and effective climate policies
Steininger KW, Lininger C, Meyer LH, 
Muñoz P, Schinko T
Nature Climate Change 6(1):35–41 (2016)

Greenhouse‑gas payback times for crop‑based biofuels
Elshout PMF, van Zelm R, Balkovic J, 
Obersteiner M, Schmid E, Skalsky R, 
van der Velde M, Huijbregts MAJ
Nature Climate Change 5(6):604–610 (2015)

Selected Scientific Publications 2011–2015

IIASA publishes regularly in high‑impact scientific journals. Presented here is a selection of articles 
(co‑)authored by IIASA researchers and published since 2011 in Nature and other Nature Publishing Group 
(NPG) journals, Proceedings of the National Academy of Sciences of the United States of America (PNAS), 
and Science. Visit www.iiasa.ac.at/publications for more IIASA publications.
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Reply to ‘Uncertain effects of nutrient availability on 
global forest carbon balance’ and ‘Data quality and 
the role of nutrients in forest carbon‑use efficiency’
Fernández‑Martínez M, Vicca S, Janssens IA, Sardans J, 
Luyssaert S, Campioli M, Chapin III FS Obersteiner M, 
Papale D, Piao SL, Reichstein M, Rodà F, Peñuelas J
Nature Climate Change 5(11):960–961 (2015)

National post‑2020 greenhouse gas targets 
and diversity‑aware leadership
Meinshausen M, Jeffery L, Guetschow J, 
Robiou du Pont Y, Rogelj J, Schaeffer M, et al.
Nature Climate Change 5(12):1098–1106 (2015)

Energy system transformations for limiting 
end‑of‑century warming to below 1.5°C
Rogelj J, Luderer G, Pietzcker RC, Kriegler E, 
Schaeffer M, Krey V, Riahi K
Nature Climate Change 5(6):519–527 (2015)

Long history of IAM comparisons
Smith SJ, Clark LE, Edmonds JA, Kejun J, 
Kriegler E, Masui T, Riahi K, Shukla PR, Tavoni M, 
van Vuuren DP, Weyant JP
Nature Climate Change 5(5):391 (2015)

Post‑2020 climate agreements in the major 
economies assessed in the light of global models
Tavoni M, Kriegler E, Riahi K, van Vuuren DP, 
Aboumahboub T, Bowen A, Calvin K, 
Campiglio E, Kober T, Jewell J, Luderer G, 
Marangoni G, McCollum D, van Sluisveld M, 
Zimmer A, van der Zwaan B
Nature Climate Change 5(2):119–126 (2015)

Nutrient availability as the key regulator 
of global forest carbon balance
Fernández‑Martínez M, Vicca S, Janssens IA, 
Sardans J, Luyssaert S, Campioli M, Chapin III FS, 
Ciais P, Malhi Y, Obersteiner M, Papale D, Piao SL, 
Reichstein M, Rodà F, Peñuelas J
Nature Climate Change 4(6):471–476 (2014)

Betting on negative emissions
Fuss S, Canadell JG, Peters GP, Tavoni M, 
Andrew RM, Ciais P, Jackson RB, Jones CD, 
Kraxner F, Nakicenovic N, Le Quéré C, 
Raupach MR, Sharifi A, Smith P, Yamagata Y
Nature Climate Change 4(10):850–853 (2014)

Water–energy nexus: Assessing integrated systems
Howells M, Rogner H‑H
Nature Climate Change 4(4):246–247 (2014)

Increasing stress on disaster‑risk finance 
due to large floods
Jongman B, Hochrainer‑Stigler S, Feyen L, 
Aerts JCJH, Mechler R, Botzen WJW, Bouwer LM, 
Pflug G, Rojas R, Ward PJ
Nature Climate Change 4(4):264–268 (2014)

Reply to ‘Statistics of flood risk’
Jongman B, Hochrainer‑Stigler S, Feyen L, 
Aerts JCJH, Mechler R, Botzen WJW, Bouwer LM, 
Pflug G, Rojas R, Ward PJ
Nature Climate Change 4(10):844–845 (2014)

Managing unnatural disaster risk from 
climate extremes
Mechler R, Bouwer LM, Linnerooth‑Bayer J, 
Hochrainer‑Stigler S, Aerts JCJH, Surminski S, Williges K
Nature Climate Change 4(4):235–237 (2014)

Household electricity access a trivial contributor 
to CO2 emissions growth in India
Pachauri S
Nature Climate Change 4(12):1073–1076 (2014)

Potential for concentrating solar power to 
provide baseload and dispatchable power
Pfenninger S, Gauche P, Lilliestam J, 
Damerau K, Wagner F, Patt A
Nature Climate Change 4(8):689–692 (2014)

Climate impacts of poverty eradication
Rao ND, Riahi K, Grubler A
Nature Climate Change 4(9):749–751 (2014)

Air‑pollution emission ranges consistent with 
the representative concentration pathways
Rogelj J, Rao S, McCollum DL, Pachauri S, 
Klimont Z, Krey V, Riahi K
Nature Climate Change 4(6):446–450 (2014)

Questions of bias in climate models
Smith SJ, Wigley TML, Meinshausen M, Rogelj J
Nature Climate Change 4(9):741–742 (2014)

Integrated analysis of climate change, 
land‑use, energy and water strategies
Howells M, Hermann S, Welsch M, Bazilian M, 
Segerström R, Alfstad T, Gielen D, Rogner H, 
Fischer G, van Velthuizen H, Wiberg D, Young C, 
Roehrl RA, Mueller A, Steduto P, Ramma I
Nature Climate Change 3(7):621–626 (2013)

Water at a crossroads (Interview)
Kabat P
Nature Climate Change 3(1):11–12 (2013)
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2020 emissions levels required to 
limit warming to below 2°C
Rogelj J, McCollum DL, O’Neill BC, Riahi K
Nature Climate Change 3(4):405–412 (2013)

The UN’s ‘Sustainable Energy for All’ initiative 
is compatible with a warming limit of 2°C
Rogelj J, McCollum DL, Riahi K
Nature Climate Change 3(6):545–551 (2013)

Beyond vulnerability assessment
Swart R, Fuss S, Obersteiner M, 
Ruti P, Teichmann C, Vautard R
Nature Climate Change 3(11):942–943 (2013)

Impacts of incentives to reduce emissions from 
deforestation on global species extinctions
Strassburg BBN, Rodrigues ASL, Gusti M, Balmford A, 
Fritz S, Obersteiner M, Turner RK, Brooks TM
Nature Climate Change 2(5):350–355 (2012)

Vulnerability of US and European 
electricity supply to climate change
van Vliet MTH, Yearsley JR, Ludwig F, 
Vögele S, Lettenmaier DP, Kabat P
Nature Climate Change 2(9):676–681 (2012)

Marginalization of end‑use technologies in 
energy innovation for climate protection
Wilson C, Grubler A, Gallagher KS, Nemet GF
Nature Climate Change 2(11):780–788 (2012)

An integrated approach to energy sustainability
McCollum DL, Krey V, Riahi K
Nature Climate Change 1(9):428–429 (2011)

Emission pathways consistent with a 
2°C global temperature limit
Rogelj J, Hare W, Lowe J, van Vuuren DP, Riahi K, 
Matthews B, Hanaoka T, Jiang K, Meinshausen M
Nature Climate Change 1(8):413–418 (2011)

Drivers of the US CO2 emissions 1997–2013
Feng K, Davis SJ, Sun L, Hubacek K
Nature Communications 6:7714 (2015)

Social dynamics within decomposer 
communities lead to nitrogen retention 
and organic matter build‑up in soils
Kaiser C, Franklin O, Richter A, Dieckmann U
Nature Communications 6:8960 (2015)

Resource heterogeneity can facilitate cooperation
Kun A, Dieckmann U
Nature Communications 4:2453 (2013)

Human‑induced nitrogen–phosphorus 
imbalances alter natural and managed 
ecosystems across the globe
Peñuelas J, Poulter B, Sardans J, Ciais P, 
van der Velde M, Bopp L, Boucher O, 
Godderis Y, Hinsinger P, Llusia J, Nardin E, 
Vicca S, Obersteiner M, Janssens IA
Nature Communications 4:2934 (2013)

Policy trade‑offs between climate mitigation 
and clean cook‑stove access in South Asia
Cameron C, Pachauri S, Rao ND, 
McCollum D, Rogelj J, Riahi K
Nature Energy 1:15010 (2016)

A scientific critique of the two‑degree 
climate change target
Knutti R, Rogelj J, Sedláček J, Fischer EM
Nature Geoscience 9(1):13–18 (2016)

Biomass production efficiency controlled by 
management in temperate and boreal ecosystems
Campioli M, Vicca S, Luyssaert S, 
Bilcke J, Ceschia E, Chapin III FS, Ciais P, 
Fernández‑Martínez M, Malhi Y, Obersteiner M, 
Olefeldt D, Papale D, Piao SL, Peñuelas J, 
Sullivan PF, Wang X, Zenone T, Janssens IA
Nature Geoscience 8(11):843–846 (2015)

Persistent growth of CO2 emissions and 
implications for reaching climate targets
Friedlingstein P, Andrew RM, Rogelj J, Peters GP, 
Canadell JG, Knutti R, Luderer G, Raupach MR, 
Schaeffer M, van Vuuren DP, Le Quéré C
Nature Geoscience 7(10):709–715 (2014)

The phosphorus trilemma
Obersteiner M, Peñuelas J, Ciais P, 
van der Velde M, Janssens IA
Nature Geoscience 6(11):897–898 (2013)

Warming‑induced increase in aerosol number 
concentration likely to moderate climate change
Paasonen P, Asmi A, Petäjä T, Kajos MK, Äijälä M, 
Junninen H, Holst T, Abbatt JPD, Arneth A, Birmili W, 
van der Gon HD, Hamed A, Hoffer A, Laakso L, 
Laaksonen A, Leaitch WR, Plass‑Dülmer C, et al.
Nature Geoscience 6(6):438–442 (2013)
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Proceedings of the 
National Academy of Sciences 
of the United States of America (PNAS)
Understanding scaling through history‑dependent 
processes with collapsing sample space
Corominas‑Murtra B, Hanel R, Thurner S
PNAS 112(17):5348–5353 (2015)

Cattle ranching intensification in Brazil can 
reduce global greenhouse gas emissions 
by sparing land from deforestation
Cohn AS, Mosnier A, Havlík P, Valin H, 
Herrero M, Schmid E, O’Hare M, Obersteiner M
PNAS 111(20):7236–7241 (2014)

Constraints and potentials of future 
irrigation water availability on agricultural 
production under climate change
Elliott J, Deryng D, Müller C, Frieler K, Folberth C, 
Khabarov N, Rosenzweig C, Wisser D, et al.
PNAS 111(9):3239–3244 (2014)

Dealing with femtorisks in international relations
Frank AB, Goud Collins M, Levin SA, Lo AW, Ramo J, 
Dieckmann U, Kremenyuk V, Kryazhimskiy AV, 
Linnerooth‑Bayer J, Ramalingam B, Roy JS, 
Saari DG, Thurner S, von Winterfeldt D
PNAS 111(49):17356–17362 (2014)

Fast running restricts evolutionary change 
of the vertebral column in mammals
Galis F, Carrier DR, van Alphen J, van der Mije SD, 
Van Dooren TJM, Metz JAJ, ten Broek CMA
PNAS 111(31):11401–11406 (2014)

How multiplicity determines entropy and the derivation 
of the maximum entropy principle for complex systems
Hanel R, Thurner S, Gell‑Mann M
PNAS 111(19):6905–6910 (2014)

Climate change mitigation through 
livestock system transitions
Havlík P, Valin H, Herrero M, Obersteiner M, 
Schmid E, Rufino MC, Mosnier A, Thornton PK, 
Böttcher H, Conant RT, Frank S, Fritz S, 
Fuss S, Kraxner F, Notenbaert A
PNAS 111(10):3709–3714 (2014)

Climate change effects on agriculture: 
Economic responses to biophysical shocks
Nelson GC, Valin H, Sands RD, Havlík P, Ahammad H, 
Deryng D, Elliott J, Fujimori S, Hasegawa T, et al.
PNAS 111(9):3274–3279 (2014)

Multisectoral climate impact hotspots 
in a warming world
Piontek F, Müller C, Pugh TAM, Clark DB, 
Deryng D, Elliott J, Folberth C, Frieler K, 
Friend AD, Khabarov N, Kim H, Lomas MR, 
Masaki Y, Mengel M, Ostberg S, Schewe J, 
Warszawski L, Wisser D, Schellnhuber HJ, et al.
PNAS 111(9):3233–3238 (2014)

Disentangling the effects of CO2 and 
short‑lived climate forcer mitigation
Rogelj J, Schaeffer M, Meinshausen M, 
Shindell DT, Hare W, Klimont Z, Velders GJM, 
Amann M, Schellnhuber HJ
PNAS 111(46):16325–16330 (2014)

Assessing agricultural risks of climate change 
in the 21st century in a global gridded 
crop model intercomparison
Rosenzweig C, Elliott J, Deryng D, Ruane AC, 
Müller C, Arneth A, Boote KJ, Folberth C, Glotter M, 
Khabarov N, Neumann K, Piontek F, Pugh TAM, 
Schmid E, Stehfest E, Yang H, Jones JW
PNAS 111(9):3268–3273 (2014)

Global Climate Impacts: A Cross‑Sector, 
Multi‑Model Assessment Special Feature
Schellnhuber HJ, Frieler K, Kabat P (Eds)
PNAS 111(9):3225–3297 (2014)

The elephant, the blind, and the intersectoral 
intercomparison of climate impacts
Schellnhuber HJ, Frieler K, Kabat P
PNAS 111(9):3225–3227 (2014)

Multimodel assessment of water scarcity 
under climate change
Schewe J, Heinke J, Gerten D, Haddeland I, 
Arnell NW, Clark DB, Dankers R, Eisner S, Kim H, 
Liu X, Masaki Y, Portmann FT, Satoh Y, Stacke T, 
Tang Q, Wada Y, Wisser D, Albrecht T, Frieler K, 
Piontek F, Warszawski L, Kabat P, et al.
PNAS 111(9):3245–3250 (2014)

The changing face of cognitive 
gender differences in Europe
Weber D, Skirbekk V, Freund I, Herlitz A
PNAS 111(32):11673–11678 (2014)

Energy systems transformation
Dangerman ATCJ, Schellnhuber HJ
PNAS 110(7):E549–E558 (2013)

Economic repercussions of fisheries‑induced evolution
Eikeset AM, Richter A, Dunlop ES, 
Dieckmann U, Stenseth NC
PNAS 110(30):12259–12264 (2013)

Outsourcing CO2 within China
Feng K, Davis SJ, Sun L, Li X, Guan D, 
Liu W, Liu Z, Hubacek K
PNAS 110(28):11654–11659 (2013)

Biomass use, production, feed efficiencies, and 
greenhouse gas emissions from global livestock systems
Herrero M, Havlík P, Valin H, Notenbaert A, 
Rufino MC, Thornton PK, Blümmel M, 
Weiss F, Grace D, Obersteiner M
PNAS 110(52):20888–20893 (2013)

Evolution of extortion in Iterated 
Prisoner’s Dilemma games
Hilbe C, Nowak MA, Sigmund K
PNAS 110(17):6913–6918 (2013)
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Quantification of excess risk for diabetes 
for those born in times of hunger, in an entire 
population of a nation, across a century
Thurner S, Klimek P, Szell M, Duftschmid G, 
Endel G, Kautsky‑Willer A, Kasper DC
PNAS 110(12):4703–4707 (2013)

Reply to Klitz and Niklasson: Can viral infections 
explain the cross‑sectional Austrian diabetes data?
Thurner S, Klimek P, Szell M, Duftschmid G, 
Endel G, Kautzky‑Willer A, Kasper DC
PNAS 110(30):E2751 (2013)

Statistical detection of systematic election irregularities
Klimek P, Yegorov Y, Hanel R, Thurner S
PNAS 109(41):16469–16473 (2012)

The take‑it‑or‑leave‑it option allows 
small penalties to overcome social dilemmas
Sasaki T, Brännström Å, Dieckmann U, Sigmund K
PNAS 109(4):1165–1169 (2012)

Variation in cognitive functioning 
as a refined approach to comparing 
aging across countries
Skirbekk V, Loichinger E, Weber D
PNAS 109(3):770–774 (2012)

Science
Transport: A roadblock to 
climate change mitigation?
Creutzig F, Jochem P, Edelenbosch OY, 
Mattauch L, van Vuuren DP, 
McCollum D, Minx J
Science 350(6263):911–912 (2015)

Can Paris pledges avert severe climate change?
Fawcett AA, Iyer GC, Clarke LE, Edmonds JA, 
Hultman NE, McJeon HC, Rogelj J, Schuler R, 
Alsalam J, Asrar GR, Creason J, Jeong M, 
McFarland J, Mundra A, Shi W
Science 350(6265):1168–1169 (2015)

Boreal forest health and global change
Gauthier S, Bernier P, Kuuluvainen T, 
Shvidenko AZ, Schepaschenko DG
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The Value of IIASA Membership

IIASA provides its member countries with over forty years of expertise in applied systems analysis. 
The institute’s research uniquely combines a problem‑driven and solution‑oriented focus with an 
approach that is interdisciplinary, international, independent, and of the highest scientific quality.

Membership of IIASA helps countries:

 z Find solutions to the complex global and regional challenges that impact their 
economy, environment, and society.

 z Develop their research base for systems analysis.

 z Establish new multilateral scientific relationships that contribute to their soft power.

US and USSR leaders established IIASA during the Cold War as an initiative to use scientific cooperation 
to build bridges between the East and West. In 2015 IIASA had 23 member countries representing 
71% of the world’s economy and 63% of the world’s population. Together, the members pool their 
resources to undertake global change research at a fraction of the cost of doing it individually.

In recent years IIASA has invested heavily in expanding collaborations and better articulating 
benefits packages at global, national, and regional scales for its member countries. More information 
about collaborations with member countries can be found at www.iiasa.ac.at/infosheets.

 � New IIASA member country [Australia 2013, Brazil 2011, 
Indonesia 2012, Malaysia 2011, Mexico 2014, UK 2015, Vietnam 2013]

 z Young Scientists Summer Program (YSSP) and 
Southern African YSSP participants from member country 
[China 44, Republic of Korea 10, South Africa 43, Ukraine 8]

 z Postdoctoral scholars from member country at IIASA 
[Sweden 4, USA 6]

 z Research partnerships (formal and informal) with 
organizations in member country 
[Austria 54, Finland 34, India 40, Pakistan 12]

 z Participants from member country at IIASA events 
[Australia 50, Brazil 71, Egypt 40, Japan 132, Malaysia 23]

 z Publications from member country collaborations 
[Germany 642, Netherlands 249, Norway 107, Russia 270]
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IIASA Members

IIASA is an international, independent, interdisciplinary research institution with 
over forty years’ experience in global change research. IIASA is represented by its 
National Member Organizations (NMOs). On 31 December 2015 these were:

AUSTRALIA The Commonwealth Scientific and Industrial 
Research Organisation (CSIRO)
AUSTRIA The Austrian Academy of Sciences (OEAW)
BRAZIL The Brazilian Federal Agency for Support and Evaluation 
of Graduate Education (CAPES)
CHINA National Natural Science Foundation of China (NSFC)
EGYPT Academy of Scientific Research and Technology (ASRT)
FINLAND The Finnish Committee for IIASA
GERMANY Association for the Advancement of IIASA
INDIA Technology Information, Forecasting and Assessment Council (TIFAC)
INDONESIA Indonesian National Committee for IIASA
JAPAN The Japan Committee for IIASA
KOREA, REPUBLIC OF National Research Foundation of Korea (NRF)
MALAYSIA Academy of Sciences Malaysia (ASM)
MEXICO Mexican National Committee for IIASA
NETHERLANDS Netherlands Organization for Scientific Research (NWO)
NORWAY The Research Council of Norway (RCN)
PAKISTAN Pakistan Academy of Sciences
RUSSIA Russian Academy of Sciences (RAS)
SOUTH AFRICA National Research Foundation (NRF)
SWEDEN The Swedish Research Council for Environment, 
Agricultural Sciences and Spatial Planning (FORMAS)
UKRAINE Ukrainian Academy of Sciences
UNITED KINGDOM Research Councils of the UK
UNITED STATES OF AMERICA The National Academy of Sciences (NAS)
VIETNAM Vietnam Academy of Science and Technology (VAST)

IIASA membership contributions are provided by the following agencies: 
 CSIRO, Australia  OEAW, Austria  CAPES, Brazil  NSFC, China  
Ministry of Finance, Egypt  Academy of Finland  Federal Ministry of Education 
and Research (BMBF), Germany  TIFAC, India  Ministry of Foreign Affairs, Indonesia 
 Ministry of the Environment, Japan  Ministry of Science, Technology and 
Innovation, Malaysia  National Council for Science and Technology (CONACYT) 
and National Institute of Statistics and Geography (INEGI), Mexico  NWO, Netherlands 
 RCN, Norway  Planning Commission, Pakistan  NRF, Korea  RAS, Russia  
NRF, South Africa  FORMAS, Sweden  Ukrainian Academy of Sciences  
Economic and Social Research Council (ESRC), Engineering and Physical Sciences 
Research Council (EPSRC), and Natural Environment Research Council (NERC), UK 
 National Science Foundation (NSF), USA  VAST, Vietnam

International Institute for Applied Systems Analysis
Schlossplatz 1, A-2361 Laxenburg, Austria
Tel: +43 2236 807  Fax: +43 2236 71313
www.iiasa.ac.atI I A S A
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